
Journées 2008, September 2008, Dresden

Nomenclature and numerical standards 

for IAU models and IERS Conventions 

for Earth rotation

Nicole Capitaine

Observatoire de Paris, SYRTE/UMR8630-CNRS, France 



Journées 2008, September 2008, Dresden

Introduction

• The recent IAU (2000 and 2006) resolutions on reference systems and Earth rotation 
include:

– a change in the way the celestial orientation of the Earth is expressed,
– a new nomenclature associated with the new concepts,
– new models for quantities necessary for expressing Earth rotation.

• The aim of this presentation is to review the changes for IAU models and IERS 
Conventions resulting from the joint IAU 2000/2006 resolutions on:

– the new nomenclature, parameters and models,
– the status and numerical values of the constants associated with the IAU models for 

precession, nutation and the angle for Earth rotation with respect to those of the current (1976) IAU 
system of astronomical constants and previous lists of Current Best estimates.

• SOFA, which provides the authoritative algorithms for implementing the IAU resolution, will 
be considered in the next presentation in session 2.
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IAU 2000 Resolutions
-------------------------------------------------------

Resolution B1.3

Definition of BCRS and GCRS
Barycentric celestial reference system 

(BCRS) 
Geocentric celestial reference system 

(GCRS)
-------------------------------------------------------

Resolution B1.6 
IAU 2000 Precession-Nutation Model
-------------------------------------------------------

Resolution B1.7 
Definition of Celestial Intermediate Pole

Resolution B1.8
Definition and use of CEO and TEO
ERA(UT1)=2π
(0.7790572732640+1.00273781191135448

x (Julian UT1date-2451545.0)

-------------------------------------------------------
Resolution B1.9

Re-definition of  TT
as a linear transformation of TCG

The IAU 2000/2006 Resolutions for Earth rotation

IAU 2006 Resolutions
------------------------------------------------

----------------------------------------------------------
Resolution B1

Adoption of the P03 Precession and definition of the ecliptic
----------------------------------------------------------

Resolution B2
Supplement to the IAU 2000 Resolutions on reference systems

Rec 1: Harrmonizing « intermediate » to the pole and the origin
+ definition of celestial intermediate (celestial/terrestrial) systems

Rec 2: Default orientation of the BCRS and GCRS

----------------------------------------------------------
Resolution B3

Re-definition of TDB  as a linear transformation of TCB
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Nomenclature for Earth rotation
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A few examples from the NFA IAU 2006 Glossary
(of the IAU WG Nomenclature in Fundamental Astronomy)

available at http://syrte.obspm.fr/iauWGnfa/

Earth Rotation Angle (ERA)
angle measured along the intermediate equator of 
the Celestial Intermediate Pole (CIP) between the 
Terrestrial Intermediate Origin (TIO) and the 
Celestial Intermediate Origin (CIO), positively in the 
retrograde direction. It is related to UT1 by a 
conventionally adopted expression in which ERA is
a linear function of UT1 (see IAU 2000 Resolution
B1.8). Its time derivative is the Earth’s angular
velocity. Previously, it has been referred to as the 
stellar angle.

Celestial Intermediate Reference System (CIRS)
geocentric reference system related to the GCRS by 
a time-dependent rotation taking into account
precession-nutation. It is defined by the intermediate
equator (of the CIP) and CIO on a specific date (IAU 
2006 Resolution B2). It is similar to the system 
based on the true equator and equinox of date, but 
the equatorial origin is at the CIO. Since the 
acronym for this system is close to another acronym
(namely ICRS), it is suggested that wherever
possible the complete name is used. 

Celestial Intermediate Origin (CIO)
origin for right ascension on the intermediate equator
in the celestial intermediate reference system.  It is 
the non-rotating origin in the GCRS that is 
recommended by the IAU 2000 Resolution B 1.8, 
where it was designated the Celestial Ephemeris 
Origin.  The CIO was originally set close to the GCRS 
meridian and throughout 1900-2100 stays within 0.1 
arcseconds of this alignment.

Celestial Intermediate Pole (CIP)
geocentric equatorial pole defined by IAU 2000 
Resolution B1.7 as being the intermediate pole, in the 
transformation from the GCRS to the ITRS, 
separating nutation from polar motion. It replaced the 
CEP on 1 January 2003. Its GCRS position results
from (i) the part of precession-nutation with periods
greater than 2 days, and (ii) the retrograde diurnal part 
of polar motion (including the free core nutation, FCN)
and (iii) the frame bias. Its ITRS position results from
(i) the part of polar motion which is outside the 
retrograde diurnal band in the ITRS and (ii) the motion 
in the ITRS corresponding to nutations with periods
less than 2 days. The motion of the CIP is realized by 
the IAU precession-nutation plus time-dependent
corrections provided by the IERS.
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Parameters for Earth rotation

The GCRS coordinates X, Y of the CIP unit vector,

the Earth rotation angle, ERA,

replaces

the classical precession and nutation angles
Greenwich sidereal time, GST
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Models for Earth rotation
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IAU Precession-nutation

1) IAU 2000 Resolution B1.6

- adopted the IAU2000 precession-nutation (Mathews, Herring, Buffett 2002) which was 
implemented in the IERS Conventions 2003
IAU 2000A Nutation (non-rigid Earth)

IAU 2000 Precession= IAU 1976 (Lieske et al. 1977) + corrections to precession rates
dψΑ (IAU 2000) =  −0.299 65”/c ;   dωΑ (IAU 2000) =  −0.025 24”/c

1st step
Celestial pole offsets at J2000 (VLBI estimates)
ξ0 (IAU 2000) = −16.6170 mas ;   η0 (IAU 2000) = −6.8192  mas

- recommended the development of new expressions for precession consistent with dynamical theories 
and with IAU 2000A nutation

2) IAU 2006 Resolution B1

- adopted the P03 precession (Capitaine, Chapront, Wallace, 2003) dynamical model consistent 
with IAU 2000A nutation and with non-rigid Earth  (Hilton et al. 2006) 

2nd step
- recommended improved definitions (ecliptic, precession of the equator, precession of the ecliptic)
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Transformation between the ITRS and GCRS 
in the IERS Conventions (Chapter 5)

celestial motion of the CIP
(model + observed celestial pole offsets

IAU 2000/2006 IERS

celestial motion of the CIP
(model + observed celestial pole offsets

IAU 2000/2006 IERS

rotation angle
(model + observed variations)

IAU 2000 IERS

rotation angle
(model + observed variations)

IAU 2000 IERS

terrestrial motion of the CIP
(observed pole coordinates)

IERS

terrestrial motion of the CIP
(observed pole coordinates)

IERS

Celestial l          l terrestrial
intermediate reference system

The coordinate transformation from the terrestrial system, ITRS 
to the Geocentric celestial system, GCRS, can be written as:

[GCRS] = Q(t) R(t) W(t) [ITRS]
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Numerical standards for Earth rotation



Journées 2008, September 2008, Dresden

1st system of fundamental astronomical constants 
(Conférence internationale des étoiles fondamentales, Paris, 1896)

3 constants (p, N0 and ε)
associated with

precession/nutation
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IAU 1976 System of astronomical constants

3 constants (p, ε and N)
associated with

precession/nutation
with updated values
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2 constants (ε0 and ψ1) 
associated with precession
� change of status for p

0 constant for nutation
� change of status

+ 1 constant (ω) associated
with Earth rotation

The Numerical Standards of the IERS Conventions (2003)
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Main features of the IAU 2000 nutation

Rigid Earth nutation → MHB2000 nutation
analytical solution (Souchay et al. 1999) transfer function   (Mathews et al. 2002)
semi-analytical series: 1365 luni-solar and planetary terms

Transfer function
derived from the solution of equations obtained by generalization of the SOS equations

(Sasao et al. 1980) with the MHB2000 Basic Earth Parameters fitted to VLBI data.
  

Basic Earth 
Parameters 

Estimate Correction to 
hydrostatic equilibrium 

 ef  0.0026456 ±±±±20  0.0000973 
 κκκκ  0.0010340 ±±±±92  - 0.0000043 
 γγγγ  0.0019662 ±±±±14  0.0000007 
 e  0.0032845479 ±±±±12  0.000037 
 Im K(CMB)  - 0.0000185 ±±±±14   
 Re K(ICB)  0.00111 ±±±±10   
 Im K(ICB)  - 0.00078 ±±±±13   

 rms residuals  0.0132 mas   
 

Essential MHB2000 parameters
- Earth’s dynamical flattening Hd=e/(1+e): scale factor for the precession rate and nutation amplitudes, 

- dynamical flattening of the core, ef : resonance factor for the nutation amplitudes. 

+ obliquity rate fitted to VLBI
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The numerical standards associated
with the IAU 2000 nutation

The numerical standards/constants associated with the IAU 2000 nutation

could be:

• the numerical values for the nutation amplitudes,

• the numerical values for the fundamental MHB2000 Basic Earth parameters (e.g. e
and ef).
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Mean features of the IAU 2006 precession

The precession of the equator is solution of the dynamical precession equations , with contributions 
to the precession rates rψ ,  rε (from Souchay et al. 1990/1999, Williams 1994, Brumberg et al. 
1998, Mathews et al. 2002)

(r0)1 and (u0)1 derived
from VLBI observations

+ correction to 
the precession rate 

for the change in the 
J2000 obliquity

from IAU2000 to P03

+ J2 rate value: dJ2/dt :

− 3.0 x10-11/ yr

Physical parameters: dynamical flattening, Hd and J2 rate value
IAU 2000: Hd = 3.273 794 92 10-3

IAU 2006: Hd = 3.273 794 48 10-3
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P03 expressions for the fundamental
precession parameters

Ecliptic

Equator

CIO based
precession
quantities

(Capitaine et al. 2003)

ψA1, ωA1, X1, Y1: precession rates for the equator� change of status for the precession rate
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Expressions for the IAU 2006 precession

(Hilton et al. 2006)
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The numerical standards associated
with the IAU 2006 precession

The numerical standards/constants associated with the IAU 2006 precession 
could be:

• the numerical values for the coefficients of the polynomial expressions 
for the precession quantities, 

• the numerical values for the fundamental parameters for precession 
(e.g. Hd and J2 rate).
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Numerical standards associated with the Earth rotation

• Earth Rotation Angle

ERA = θ = k UT1 ;  dθ/dt = ω3

ERA(UT1)= 2π (0.7790572732640 + 1.00273781191135448 × (Julian UT1date − 2451545.0))

ERA(UT1) : conventional relationship that defines UT1 from ERA,
0.7790572732640 and 1.00273781191135448 rev/day are defining constants.

(which replaces the classical factor between GMST and UT1).

(The ERA/UT1 relationship involves not only the Earth angular velocity but also what UT1 is intended to represent, 
i.e. the hour angle of the « ficticious mean » Sun.)

• Nominal mean angular velocity of the Earth

� ω = 7.292 115 10-5 rad /s 
this value has been chosen to have the number of significant digits limited to those for which the value can be

considered a constant; the value is "significantly" different from the actual value of omega as there are relative 
variations in omega of the order of 10-7.
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The choice of numerical standards

• Nutation

Numerical values for the nutation amplitudes or for the fundamental MHB2000 Basic Earth 
parameters ?

too much necessary constants � model

• Precession

Numerical values for the coefficients of the polynomial expressions for the precession quantities 
or for the fundamental parameters for precession. 

too much necessary constants � list of expressions

• Earth rotation

- 2 numerical constants for the conventional relationship that defines UT1 from ERA, 

- 1 numerical constant for the nominal mean angular velocity of the Earth
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Summary

• The IAU 2000/2006 Resolutions have adopted new concepts, new nomenclature 
and new models for Earth rotation, which have modified the status and 
numerical values of the constants associated with Earth rotation.

• The high accuracy observations of Earth rotation requires a coordinated use of 
numerical standards and IAU-approved formulations and software that
implement the IAU models.

• A few constants are no more sufficient for representing precession and nutation 
but should be replaced by the precession-nutation models.

• A very few numerical constants are sufficient for the Earth’s rotation.


